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ABSTRACT

Objective: Cognitive decline associated with Parkinson disease (PD) is common and highly dis-
abling. Biomarkers that help identify patients at risk for cognitive decline would be useful addi-
tions to the clinical management of the disease.

Methods: A total of 45 patients with PD were enrolled in this prospective cohort study and had at
least 1 yearly longitudinal follow-up evaluation. CSF was collected at baseline and cognition was
assessed at baseline and follow-up visits using the Mattis Dementia Rating Scale (DRS-2). CSF
was tested for amyloid � 1-42 (A�1-42), p-tau181p, and total tau levels using the Luminex xMAP
platform. Mixed linear models were used to test for associations between baseline CSF biomarker
levels and change in cognition over time.

Results: Lower baseline CSF A�1-42 was associated with more rapid cognitive decline. Subjects
with CSF A�1-42 levels �192 pg/mL declined an average of 5.85 (95% confidence interval 2.11–
9.58, p � 0.002) points per year more rapidly on the DRS-2 than subjects above that cutoff, after
adjustment for age, disease duration, and baseline cognitive status. CSF total tau and p-tau181p

levels were not significantly associated with cognitive decline.

Conclusions: Reduced CSF A�1-42 was an independent predictor of cognitive decline in pa-
tients with PD. This observation is consistent with previous research showing that Alzheimer
disease pathology contributes to cognitive impairment in PD. This biomarker may provide
clinically useful prognostic information, particularly if combined with other risk factors for
cognitive impairment in PD. Neurology® 2010;75:1055–1061

GLOSSARY
AD � Alzheimer disease; ADNI � Alzheimer’s Disease Neuroimaging Initiative; CI � confidence interval; DLB � dementia with
Lewy bodies; DRS-2 � Dementia Rating Scale (version 2); H&Y � Hoehn & Yahr; PD � Parkinson disease; PDD � Parkinson
disease dementia.

Cognitive impairment is common in Parkinson disease (PD), with dementia occurring in up to
80% of patients over the course of their illness.1 When dementia is present, it worsens disabil-
ity,2 results in greater caregiver burden,3 and increases mortality.4 Clinical features including
older age, male sex, lack of tremor, greater postural instability, and subtle impairments on
cognitive tests are risk factors for more severe cognitive impairment and progression to PD
dementia (PDD).5,6

In addition to these clinical features, biomarkers could potentially improve the ability to predict
risk for cognitive impairment and PDD. Among currently available candidate biomarkers, CSF
measures of Alzheimer disease (AD) pathology including A�1-42, tau, and p-tau181p have attractive
properties including validated assessment methods7 and relevance to putative components of the
underlying pathology in PDD and dementia with Lewy bodies (DLB).8 Both CSF A�1-42 and tau
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levels have been associated with impaired cogni-
tion in cross-sectional studies of patients with
PD and DLB.9,10 In the present longitudinal
study, we tested whether CSF A�1-42, tau, and
p-tau181p could predict risk of subsequent cog-
nitive decline in patients with PD. We hypothe-
sized that subjects with biomarker profiles
similar to those seen in patients with AD would
show the greatest cognitive decline.

METHODS Subjects. Patients aged 60 or older with a diag-
nosis of PD based on British Brain Bank criteria11 and a range of
cognitive function were recruited to the University of Pennsylva-
nia Udall Center for this study from the Parkinson’s Disease and
Movement Disorders Center at University of Pennsylvania. No
subjects met criteria for DLB.12 A total of 45 subjects contrib-
uted spinal fluid samples and had at least one yearly follow-up
visit, and were therefore eligible for this analysis.

Standard protocol approvals, registrations, and con-
sents. The study was approved by the University of Pennsylva-
nia Institutional Review Board. Informed consent was obtained
prior to administration of any study procedure.

Assessments. The clinical and neuropsychological evaluation
was administered by trained research staff. Demographic and
general clinical information was collected in PD-DOC recom-
mended format (http://www.pd-doc.org). Evaluations were con-
ducted between August 2006 and December 2009.

Neuropsychological assessment. Cognitive status was as-
sessed using the Mattis Dementia Rating Scale (version 2) (DRS-
2).13 The DRS-2 is a detailed measure of general cognitive
ability. It contains subscales that measure specific cognitive do-
mains: memory, attention, initiation/perseveration, construc-
tion, and conceptualization. It has been validated in patients
with PD,14 and a cutoff score of �123 has been shown to accu-
rately identify patients with PDD.15 The same study reported a
mean DRS score of 133 for patients with PD without dementia.

Motor examination. Clinical examinations, including
Hoehn & Yahr (H&Y) staging,16 were conducted by the pa-
tients’ treating doctors who are movement disorders specialists.
Motor examinations were conducted while patients were receiv-
ing their regularly scheduled dopaminergic medications.

CSF analysis. CSF samples were obtained by lumbar punc-
ture using a 20- or 24-gauge spinal needle as described in the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) proce-
dures manual (http://www.adni-info.org/). CSF was divided
into aliquots (0.5 mL) and stored in bar code–labeled polypro-
pylene vials at �80°C. A�1-421-42, tau, and p-tau181p were mea-
sured using the multiplex xMAP Luminex platform (Luminex
Corp, Austin, TX) with Innogenetics (INNO-BIA AlzBio3; Ghent,
Belgium; for research use only reagents) immunoassay kit–based
reagents. Full details for this combination of immunoassay reagents
and analytical platform are provided elsewhere.17 Reliability studies
(http://www.adni-info.org) show that the day-to-day reproducibil-
ity for these 3 biomarkers varies by less than 10%.

APOE genotyping. DNA was extracted from EDTA blood
samples using commercial reagents (FlexiGene, Oiagen, Valen-
cia, CA). DNA was available for 43 of the 45 participants. Two
single nucleotide polymorphisms (rs7412 and rs429358) in
APOE were genotyped using allelic discrimination assays with
TaqMan reagents (Applied Biosystems, Foster City, CA) on an

ABI7500. The APOE genotypes (�2, �3, and �4) were assigned
by incorporating the genotyping results from both single nucleo-

tide polymorphisms into an algorithm.

Analysis. Descriptive statistics for clinical and CSF variables
(A�1-42, tau, p-tau181p, and their ratios: tau/A�1-42 and
p-tau181p/A�1-42) were calculated. Linear mixed-effects models
were used to test for associations between baseline CSF biomar-
kers and cognitive decline as measured by the DRS-2.18 A linear
mixed-effect model accounts for within-person correlations over
time, and allows for variable length of follow-up between sub-
jects. These models can also accommodate varying time intervals
between assessments. Each subject in this mixed-effect model
can be thought of as having his or her own linear regression
model, and the population parameters can be obtained by aver-
aging across the individual regression coefficients. In our imple-
mentation, the intercept and the regression coefficients for the
follow-up time were treated as random effects such that each
subject has a unique intercept and regression coefficient for the
follow-up time. The population mean coefficients for the
follow-up time were obtained by averaging across the subject-
specific regression coefficients for the follow-up time. This pop-
ulation mean coefficient estimated the average annual change for
the DRS-2 over time, and accounts for differences in baseline
DRS-2 scores. The interaction term time � CSF biomarker rep-
resents the effect of the baseline biomarker on change in DRS-2
score over time. It can be interpreted as the annualized change in
DRS-2 score for each one unit change in a given biomarker. In
addition to considering A�1-42, tau, and p-tau181p as continuous
measures, we also examined the effect of being at or below the
A�1-42 cutoff of 192 pg/mL. This level has been associated with
the greatest diagnostic accuracy in separating patients with AD
from age-matched controls.7 In this case, the time � A�1-42

group interaction can be interpreted as the between-group differ-
ence in annualized rate of DRS-2 decline. Analogous tests were
performed for subscales of the DRS-2.

Potential confounding variables including age, gender, edu-
cation, H&Y stage, and disease duration were tested in bivariable
analysis. Only age, H&Y stage, and disease duration were associ-
ated with DRS-2 score below the p � 0.1 cutoff, and were in-
cluded in subsequent models. With the exception of APOE
genotype, complete data were available for 45 subjects. APOE
status was available for 42 of 45 subjects, and the association
between APOE �4 carrier status and cognitive decline was tested
in this subset of subjects.

All analyses were conducted at a 2-sided � � 0.05 significance
level, without adjustment for multiple comparisons. Analyses were
carried out using Stata version 10 (College Station, TX).

RESULTS Subject characteristics and cognitive sta-
tus. At the time of this analysis, 45 subjects had at
least 1 yearly follow-up clinical evaluation, 20 had 2
follow-up evaluations, and 3 were evaluated 3 years after
baseline. None have been lost to follow-up or with-
drawn consent. For the entire cohort, the annualized
rate of decline in DRS-2 was 3.4 points (�0.96). Base-
line demographic characteristics are shown in table 1.

Association between CSF biomarkers and baseline cog-
nitive status. We found no association between CSF
biomarkers and baseline cognitive status (table 2).
The result was the same with or without adjustment
for covariates. At baseline, 6 subjects were below the
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DRS-2 cutoff of 123 that is associated with a diagno-
sis of dementia.15 There were no differences in bi-
omarker values for these subjects compared to those
with DRS-2 scores �123. For example, mean CSF
A�1-42 was 226 pg/mL (SD 77) in subjects with
DRS-2 scores �123 and 210 pg/mL (SD 60) in sub-
jects �123 (p � 0.63). However, the small number
of subjects with low baseline DRS-2 scores limits our
ability to make this comparison.

Association between CSF biomarkers and longitudinal
change in cognition. Reduced CSF A�1-42 was
strongly associated with decline in cognitive function

over time (table 2). Results were similar in unad-
justed analysis (� � 0.041; 95% confidence interval
[CI] 0.015 to 0.066), and with adjustment for age,
disease duration, and baseline H&Y stage (� �

0.040; 95% CI 0.015 to 0.066). There was no asso-
ciation of either total tau or p-tau181p and greater
cognitive decline. In addition, there was no associa-
tion between tau/A�1-42 and p-tau181p/A�1-42 ratios
and change in cognition. This was true in spite of the
strong relationship between A�1-42 and cognitive de-
cline. Adding tau or p-tau181p in a combined metric
actually diminished the effect of A�1-42 alone.

A CSF A�1-42 level of �192 pg/mL has been sug-
gested as a useful diagnostic cutoff for AD.7 We
tested whether subjects in our cohort with CSF
A�1-42 below this level were at greater risk for cogni-
tive decline, and found that those with A�1-42 levels
�192 had an annualized decline in DRS score that
was 6.1 points greater (95% CI 2.33 to 9.79) than
those with A�1-42 levels above 192 pg/mL. This asso-
ciation was quite similar after adjustment for age,
disease duration, and baseline H&Y stage (5.8 points
greater; 95% CI 2.11 to 9.58). After 2 years, the
mean adjusted DRS-2 score for subjects with low
baseline A�1-42 levels had fallen below the published
cutoff for dementia of 123 on the DRS-2, while the
mean adjusted score for subjects with A�1-42 levels
above 192 remained above 130 (figure).

Associations with APOE status. Fifteen subjects car-
ried at least one APOE �4 allele (one subject was
homozygous). CSF A�1-42 levels were substantially
lower in these subjects (182 pg/mL vs 251 pg/mL;
p � 0.004). CSF tau and p-tau181p levels were not
significantly different for APOE �4 allele carriers
compared to noncarriers (tau: 46 vs 55; p � 0.35;
p-tau181p: 18 vs 19; p � 0.836). Without adjustment
for CSF A�1-42, having at least one APOE �4 copy
was associated with an increase in the rate of cogni-
tive decline compared to noncarriers that approached
significance (difference � 3.96 DRS-2 points/year,
95% CI �0.39 to 8.32; p � 0.075). However, the
association with of APOE �4 allele status was no
longer present after adjustment for CSF A�1-42 level
(difference � 1.29 points/year, 95% CI �3.15 to
5.73; p � 0.569). No other APOE genotypes were
associated with cognitive decline (data not shown).

Association between CSF biomarkers and change in
individual cognitive domains. Low CSF A�1-42 was
significantly (p � 0.05) associated with declines in
multiple subscales of the DRS-2. The largest effect
size was seen for the attention subscale (� � 0.011,
SE � 0.0034). There were also significant associa-
tions with change in conceptualization (� � 0.0078,
SE � 0.0033) and memory (� � 0.0086, SE �

Table 2 CSF biomarkers as predictors of deterioration on the DRS-2a

CSF
biomarkers

Estimated association
with baseline DRS-2

Estimated association
with annual DRS-2
change

A�1-42 �0.0038 (0.02) p � 0.835 0.040 (0.013) p � 0.002

Tau 0.008 (0.046) p � 0.857 �0.0031 (0.035) p � 0.928

p-Tau181p 0.133 (0.11) p � 0.261 �0.069 (0.083) p � 0.401

Tau/A�1-42 ratio 1.23 (4.74) p � 0.797 �4.47 (3.70) p � 0.227

p-Tau181p/A�1-42 ratio 16.86 (11.6) p � 0.154 �12.25 (7.85) p � 0.118

Abbreviation: DRS-2 � Dementia Rating Scale (version 2).
a Data are shown as � (SE). For the first column, each coefficient (�) represents the differ-
ence in baseline DRS-2 score per 1-point difference in biomarker. For the second column,
coefficients represent the difference in annual rate of change of the DRS-2 for each
1-point change in the biomarker. For example, a subject with a baseline A�1-42 level of 150
pg/mL might be expected to decline 4.0 points more rapidly per year on the DRS-2 than a
subject with a baseline A�1-42 level of 250 pg/mL. Estimates of rate of change are adjusted
for age, Hoehn & Yahr, and disease duration.

Table 1 Baseline characteristics of 45
patients with Parkinson disease

Characteristics Values

Female, n (%) 6 (13)

Age, y, mean (range, SD) 73 (62–90, 7.8)

Baseline Dementia Rating Scale
score, mean (SD)

133 (9)

College education, n (%)a 31 (68)

Disease duration at baseline, y,
mean (range, SD)

11 (3–27, 0.75)

Hoehn & Yahr stage, n (%)

I 6 (13)

II 29 (64)

III 9 (20)

IV–V 1 (2)

APOE �4 allele present, n (%)b 15 (36)

A�1-42 pg/mL, mean (range, SD) 224 (78–380, 74)

Tau pg/mL, mean (range, SD) 52 (10–154, 29)

p-Tau181p, pg/mL, mean (range, SD) 18 (4–57, 12)

Duration of follow-up, y, mean (SD) 1.5 (1.2)

a Subjects with at least partial college education compared
to those never attending college.
b APOE genotype known in 42 of 45 subjects.
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0.0042). The association with the initiation/perse-
veration subscale approached significance (� �
0.011, SE � 0.0064, p � 0.06). There was no signif-
icant association with the construction subscale.
These findings suggest an association with global
cognitive decline, rather than an association limited
to one cognitive domain.

DISCUSSION Low baseline CSF A�1-42 levels were
a strong predictor of subsequent cognitive decline in
this cohort of patients with PD. Neither tau nor
p-tau181p was associated with cognitive decline, and
ratios of p-tau181p and tau to A�1-42 were no better
predictors than A�1-42 alone. The effects sizes we ob-
served are likely to be clinically meaningful. Based on
our data, a patient with CSF A�1-42 below the diag-
nostic cutoff of 192 pg/mL would be predicted to
progress from essentially normal cognition to a level
consistent with PDD within a 2-year period of
follow-up. Decline was observed across multiple cog-
nitive domains, suggesting an anatomically general-
ized, rather than focal, degeneration.

We found no association between biomarker lev-
els and baseline cognitive status, even after adjust-
ment for disease duration. This may be due to a
number of factors including the small number of pa-
tients with PD with a DRS-2 score in the dementia
range (i.e., �123) or biases inherent in cross-
sectional analyses. Our results are also consistent,
however, with the hypothesis that biomarker abnor-
malities precede clinical cognitive decline.

Similar cross-sectional studies have not found a
relationship between CSF A�1-42 levels or plasma A�

levels and cognitive status in patients with AD.19,20

However, recent studies have documented that re-
ductions in CSF A�1-42 are associated with risk of
subsequent cognitive decline. In the ADNI cohort,
lower CSF A�1-42 levels (and elevated tau) were asso-
ciated with increased risk of conversion from mild
cognitive impairment to AD.7 In another AD cohort,
lower CSF A�1-42 and elevated p-tau181p (to a
greater extent than total tau) predicted more rapid
cognitive decline.21 Finally, a recent study showed
that alterations in various A� peptides in plasma
were associated with risk of subsequent dementia.22

Lower levels of CSF amyloid-� peptides, specifi-
cally A�1-42, reflect underlying amyloid pathol-
ogy.23,24 Some have hypothesized that in AD, lower
A�1-42 levels in the spinal fluid may be related to
sequestration of the peptide from CSF into amyloid
plaques.25 In Lewy body disorders, the picture is
more complicated. Decreased levels of A�1-42 have
been demonstrated in CSF from patients with DLB
compared to normal controls.9,26 In patients with
PDD, modest reductions in CSF A�1-42 have been
shown compared to normal controls,27,28 and in PD
without dementia, A�1-42 levels are not consistently
reduced.9 Increased CSF levels of total tau and
p-tau181p have been associated with impaired cogni-
tive performance in patients with PD and PDD.10

These differences in CSF A�1-42 across the spectrum
of Lewy body disorders may reflect a gradient in the
relative contribution of amyloid pathology to DLB,
PDD, and PD without dementia, respectively. Such
a hypothesis is consistent with neuropathologic data
showing that amyloid plaque pathology is common
in DLB and present to a lesser degree in PDD.29 If
lower CSF A�1-42 levels reflect greater amyloid
plaque burden in patients with PD at risk for cogni-
tive decline, then this in turn argues for an important
role for amyloid pathology in the development of
dementia in PD.

The presence of at least one APOE �4 allele is an
established risk factor for amyloid aggregation and
AD.30 A meta-analysis of the published studies on the
relationship between APOE genotype and risk of de-
mentia in PD31 found modestly increased risk associ-
ated with the �4 allele, and no definite associations
with other alleles. We found a modest association
that approached significance between APOE �4 car-
rier status and rate of cognitive decline, with carriers
of at least one copy of the �4 allele having more rapid
cognitive decline. However, this association was sub-
stantially smaller than the association with CSF
A�1-42, and was no longer significant after adjust-
ment for CSF A�1-42 level. Moreover, consistent

Figure Change over time in mean Dementia Rating Scale (version 2) (DRS-2)
total score

Change over time of the DRS-2 for subjects with CSF A�1-42 levels above 192 pg/mL (solid
line) compared to those with baseline A�1-42 at or below 192 pg/mL (dashed line). Data
shown are the mean predicted DRS-2 scores (�1 SE) based on output from a mixed linear
model, adjusted for age, Hoehn & Yahr stage, and disease duration.
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with previous studies,32 baseline CSF A�1-42 was sig-
nificantly lower in subjects with at least one APOE
�4 allele. These findings argue that the APOE4 geno-
type and A�1-42 may function in the same pathway,
but that CSF A�1-42 is more directly related, and
more predictive of cognitive decline in PD than
APOE genotype. Interestingly, there is evidence that
reduced CSF A�1-42 may confer greater risk for
conversion from mild cognitive impairment to AD
in APOE �4 noncarriers.33 Studies with larger sam-
ple size and longitudinal design may help clarify
the relationship between APOE �4 status and
other genetic traits such as tau haplotype34 and
dementia risk in PD.

Several limitations of our study should be ac-
knowledged. First, we studied a relatively small sam-
ple of patients with PD and for a relatively brief
period of time. As a result, we are not able to perform
subgroup analyses, such as examining the association
between CSF A�1-42 and cognitive decline in men vs
women or in recently diagnosed vs established cases
of PD. We were able to detect an association of CSF
A�1-42 level with cognitive decline because the
DRS-2 is a relatively precise, continuous measure of
cognitive status, and because of the longitudinal de-
sign of our study. Our findings should be replicated
in larger groups of patients, and in longer studies that
examine the risk of conversion to a clinical diagnosis
of PDD. Second, our results do not address whether
the association between reduced A�1-42 and cogni-
tive decline is specific to PD. Similar declines in cog-
nition have been observed in apparently healthy
populations.35 Our results may reflect the effects of
the primary underlying pathologic process in PDD,
or simply coexisting AD pathology that modifies
CSF A�1-42 levels and also may, in part, underlie
cognitive impairment in PD. One means to address
this issue would be to study additional CSF biomar-
kers. Recently, specific subtypes of amyloid peptides
such as A�1– 40 have been shown to differentiate
PDD from DLB and may be a more specific marker
of cortical Lewy body pathology.9 In addition, assays
for �-synuclein pathology are under development,
and may be useful in determining prognosis in pa-
tients with PD.36

These limitations are opportunities for future re-
search. Nonetheless, our study remains significant in
that it demonstrates the ability of a CSF biomarker
to provide prognostic information for patients with
PD on the risk of cognitive decline. In the future,
biological data such as CSF A�1-42 level could be
combined with clinical information that has been as-
sociated with risk of PDD to provide better predic-
tive accuracy than either type of information alone.
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